Abstract. Teeth material of bears from Za Hájovnou Cave was analysed in detail and determined as Ursus cf. deningeri from the Middle Pleistocene sample and as Ursus gr. spelaeus from the Late Pleistocene sample. On the basis of their metric characteristics, the Middle Pleistocene bears are at the evolutionary level of Early/Middle Toringian representatives of the spelaeoid lineage. No trends between MIS 11 and MIS 9 taxonomical units were found.
Introduction
In 2001, a team of specialists under the leadership of Prof. R. Musil (Faculty of Sciences, Masaryk University, Brno) in cooperation with the Moravian Museum (Brno) and Czech Speleological Society (ZO 7-03 Javoříčko) started excavations of the Za Hájovnou Cave (Javoříčko Karst, the Czech Republic). The results of the first phase of excavations (2001) (2002) (2003) (2004) were published in volume 8 of the Přírodovědné Studie Muzea Prostějovska journal (bear remains were discussed by Musil 2005b , Nývltová Fišáková 2005 , Sabol 2005a , and Wagner 2005 . After publication of this volume, excavations continued and some additional papers, describing material from this locality, were published (Ábelová 2005 , Sabol 2005b , Doláková 2007 , Ivanov 2007 , Nývltová-Fišáková 2007 , Vöröš 2013 , including new Th/U dating of several profiles (Lundberg et al. 2014) .
Based on the published data (see references above and respective papers in this volume), most of the fossil material is represented by ursid remains from the Middle Pleistocene (MIS 9 and probably MIS 11), at least partly (MIS 9 specimens) reflecting the former usage of this cave as a bear cave. In addition, Late Pleistocene ursids were also recorded in one part of this cave.
The previous paper dealing with bear taxonomy (Wagner 2005) was focused on the specimens later assigned to MIS 9 unit and to the Chodba naděje (= Corridor of Hope) unit for which the exact stratigraphic position is unknown (but assumed to be Middle Pleistocene interglacial ; Musil 2005a) . The main goal of that paper was to determine ursids at the species level (detailed stratigraphy for the fossiliferous layers was unknown at that time). These bears (from both the above mentioned units) were determined as Ursus cf. deningeri, with the exception of two small specimens determined as Ursus sp. After 2004, the stratigraphic position of several sites within the cave was specified (Lundberg et al. 2014) and other new ursid material was excavated (mostly tentatively assigned to MIS 11). Thus, the aim of this paper is to provide metric characteristics of the new material and compare metric characteristics of bears from different stratigraphic units in Za Hájovnou Cave and with those from selected early Middle Pleistocene localities in Central Europe.
Material and methods
The present study is based on the ursid material from Za Hájovnou Cave collected between the years 2001-2012 (with the exception of the 2008 collection which was still under preparation during writing of this paper). All the permanent ursid cheek teeth of known stratigraphic position or originating from the Chodba naděje were included in the study (the only exceptions are three small specimens -see below for details). All the studied material from Za Hájovnou Cave is deposited in the Moravian Museum (= Moravské zemské muzeum, Brno, the Czech Republic).
The studied material was divided into 5 units, mostly according to stratigraphic position (following Lundberg et al. 2014) : LP (= Late Pleistocene), MIS 9, MIS 10, MIS 11, and the Chodba naděje. These units include specimens from several sites within the cave (see Sabol (2014) for parallelization between fossiliferous sites terminology in Lundberg et al. (2014) and the names on the museum labels and their subsequent assignation to appropriate MIS stages). The material from the Chodba naděje was included despite 71 SBORNÍK NÁRODNÍHO MUZEA V PRAZE Řada B -Přírodní vědy • sv. 70 • 2014 • čís. 1-2 • s. 71-90 AC TA MUSEI NATIONALIS PRAGAE Series B -Historia Naturalis • vol. 70 • 2014 • no. 1-2 • pp. 71-90 
METRIC CHARACTERISTICS OF URSID CHEEK TEETH FROM ZA HÁJOVNOU CAVE (JAVOŘÍČKO KARST, THE CZECH REPUBLIC) AND ITS TAXONOMICAL IMPLICATION
lack of precise stratigraphic determination because it represents a rather large and homogenous set of teeth. Other material without accurate stratigraphic position was not included. The units LP and MIS 10 are represented by only a few teeth. I excluded two small teeth (No. 162, 163) , determined by Wagner (2005) as Ursus sp., from MIS 9 unit and one similarly small tooth (m2 sin., No. 2009/8) from MIS 11 unit. The taxonomical status of these teeth is unclear and although they possibly represent only the extreme morphotypes of U. deningeri, I prefer not to include them in the present analyses.
I used the numbering (simple numbers) and measurements from Wagner (2005) (Jánossy 1976 , Koenigswald and Heinrich 1999 , Maul et al. 2000 , Maul and Heinrich 2007 , Kahlke et al. 2011 .
All the material used for comparison was studied and measured by the author. The same data as in Wagner (2003 Wagner ( , 2005 are used for Mosbach 2. All the other material was measured or re-measured after 2005, so the data for Hundsheim, Cave C 718, and Koněprusy Caves partially differ from those used by Wagner (2003 Wagner ( , 2005 . The data from the Late Biharian localities are the same, with the exception of several additional measurements (e.g. Pa and Me height for M1), as used by Wagner and Čermák (2012) . The comparative material studied was from the following collections: the National Museum in Prague (the Czech Republic; Cave C 718, Koněprusy Caves), the Hungarian Natural History Museum (Hungary; Kövesvárad, Tarkő), the Institute of Systematics and Evolution of Animals PAN (Poland; Kozi Grzbiet), Staatliches Museum für Naturkunde Karlsruhe (Germany; Mauer), Naturhistorisches Museum Mainz (Germany; Mosbach 2), and Institut für Paläontologie -Universität Wien (Austria; Hundsheim).
The measurements were taken with the aid of engineering callipers with an accuracy of 0.1 mm. The teeth measurements were defined according to Rode (1935) . An exception is the buccal length of the anterior and posterior lobe of M1 which was measured from the Me/Pa boundary to the end of the parastyle and metastyle respectively, with the tips of the calliper jaws touching the landmarks (in contrary to Rode (1935) where this parameter is taken parallel to the tooth axis). The lingual length of P4 was defined according to Baryshnikov (1998 Baryshnikov ( , 2007 character No. 4 for P4) . The terminology and abbreviations for teeth morphology structures were adopted from Rabeder (1983 Rabeder ( , 1989 Rabeder ( , 1999 . The term x-conid/cone refers strictly to the cusp itself, while the term x-conid/cone-complex denotes the cusp with its secondary structures (small cusps, swellings etc.). For length characteristics of End-complex in m1 and m2, I used the comparison of End 1/2-complex lengths (following Wagner and Čermák 2012) contrary to Wagner (2005) , where just the End 1/2 length is used. For M1, length of paracone/ metacone-complex (parastyle and metastyle not included) represents the same character as length of paracone/metacone in Wagner and Čermák (2012) .
Capital and lowercase letters P/p (premolars) and M/m (molars), refer to upper and lower permanent teeth, respectively.
The definition and subdivision of the Quaternary period follow Gibbard and Cohen (2008) and Gibbard and Head (2009a, b) . The definition and subdivision of the Mammal Ages (Biharian and Toringian) follow Fejfar and Heinrich (1983, 1990) and Fejfar et al. (1998) . In the following text the Early Toringian refers to pre-Elsterian Toringian faunas, and similarly the Middle Toringian, the post-Elsterian Middle Pleistocene faunas.
Results
Only metric characters were studied in the present analysis (see Appendix 1, Tab. A1-A7 for measurements of particular teeth excavated after 2004 from Za Hájovnou Cave). The results are therefore preliminary. Additional detailed morphological analysis is necessary for a definitive evaluation of taxonomical position and evolutionary niveau of the studied ursids. Unfortunately, there is no scheme for morphological characters/changes easily applicable for (later) U. deningeri and it will be necessary to develop one in the future.
Another problem is connected with the forming of taxonomical units. As mentioned above, MIS 9 unit includes all specimens from different sites in the cave assigned by Lundberg et al. (2014) to MIS 9. But there is no certainty that all of the material really represents one period/population within MIS 9. Similarly, MIS 11 unit is formed by ursid material from Propástka 1 and 2 (= Abyss I and II), e.g. layer 5-6 in profile ZH P-8/9 sensu Lundberg et al. (2014) . But these two layers represent more than 10 m of sediment and there are no indications, at present, of how long a period it represents. The assignation to MIS 11 (the assignation to interglacial is based on the palynological record (Doláková 2014)) is only conditional without any direct evidence (Lundberg et al. 2014 ). According to Lundberg et al. (2014) it seems probably that these layers represent older interglacial than the main cave infilling from MIS 9, most probably MIS 11. Despite these facts, I consider forming of these taxonomical units as necessary with respect to evaluation of interpopulation comparison and trends in phenotypic changes. Moreover, the character of comparative units is also similar and, at least in several instances (e.g. Mosbach 2), material from one locality covers a longer period.
All the material included in this study can be assigned to the spelaeoid lineage. No unambiguous representatives of U. arctos or U. thibetanus were recorded. The Late Pleistocene finds are determined as Ursus gr. spelaeus. But this determination is rather formal with the respect to the stratigraphic position of specimens. The sample is too small and the overlap between U. spelaeus and later U. deningeri is substantial, so for most of the specimens it is not possible to identify any discriminative characters. There are no additional cheek teeth from the LP unit in contrast to Wagner (2005) . Most of the Middle Pleistocene teeth excavated after 2004 belong to MIS 11 unit, only a few specimens represent MIS 9 or Chodba naděje units. All the determinable ursids cheek teeth from Middle Pleistocene layers are assigned to Ursus cf. deningeri. From a metrical (as well as morphological) viewpoint, they represent classical spelaeoid bears of earlier evolutionary stages. In the following part I present the metrical characteristic of bears from Za Hájovnou Cave with respect to possible phenotypical changes through the Middle Pleistocene.
P4 sup. (Tab. 1). The Late Pleistocene taxa (Ursus gr. spelaeus) are characterized by an advanced molarisation correlated with an increase in maximal length (Rabeder 1983 (Rabeder , 1989 . But in the studied samples from MIS 17 to MIS 9, there are no apparent metrical changes in this respect. The values of Za Hájovnou Cave units are within a variation of both Late Biharian and Early Toringian samples. The average values from the studied units are also within the average value limits of comparative samples. The Chodba naděje unit shows no prevalent affinity to either MIS 11 unit or MIS 9, unit.
M1 sup. (Tab. 2, 3) . This tooth is traditionally used for differentiation between U. spelaeus and U. arctos (Rode 1935 , Kurtén 1955 , 1959 . Among the spelaeoid (i.e. typical for Ursus gr. spelaeus) characters can be included: e.g., increase of size, increase percentage of specimens with (a) paracone higher than metacone, (b) paracone longer than metacone, or (c) anterior lobe as wide as or wider than the posterior one (op. cit.; see also Wagner (2005) for an overview). If we compare the average maximal length values, our samples can be split more or less into two main groups -the Toringian group with slightly higher values and the Biharian with slightly lower values (if we use median instead of average, this tendency becomes less apparent). In this character, pre-and post-Elsterian units do not show significant differences, with the exception of the Mosbach unit in which the average value is even lower than those in the Biharian samples (we can also see in some other teeth that those in the Mosbach sample are rather small in comparison to other Toringian units). But there is a large overlap among particular taxonomical units (moreover, the units in which only a few teeth were found do not provide relevant average values). The relative width of the posterior lobe (with respect to maximal length) also shows a similar split, with some tendency towards a relatively broader posterior lobe in the Biharian units (in Koněprusy Caves unit it is less apparent). (moreover, the Late Biharian unit in Wagner (2005) also included OIS 19 specimens from Chlum I and IV). On the other hand, the height and length ratios for Pa and Me are dominantly spelaeoid in Za Hájovnou Cave bears. There seems to be a trend from Late Biharian to Middle Toringian (post-Elsterian) units in the percentage increase of teeth with higher Pa than Me. Unfortunately, the number of teeth suitable for study of this particular character (unworn or only slightly worn) is limited in the studied samples. Considering the Pa/Me length ratio, the differences among units from different stratigraphic levels are much less apparent. M2 sup. (Tab. 4). We can see some trends from Late Biharian to Late Toringian units in several characters. In general, teeth from Late Biharian units are on average smaller, Early and Middle Toringian somewhat larger, and from Late Toringian (LP unit) are the largest. The exception is material from Mosbach 2, which is relatively small (on the level of Biharian units) and Koněprusy Caves unit material which is on average larger than that from the rest of the Late Biharian units (and, in some characters, on the level of the Toringian units). These trends are most clearly documented in the increase in maximal length and Pa and Pa-complex length. LP unit stands alone with respect to maximal length. There are no apparent differences between Early Toringian units (with the exception of Mosbach 2) and those from Za Hájovnou Cave. In the above mentioned characters, MIS 9 unit and Chodba naděje unit are more similar to each other than to MIS 11 unit and their average values are higher than those from MIS 11 unit. p4 inf. (Tab. 5). There are no features of p4 inf. which could distinguish the units with respect to stratigraphic level. Surprisingly, the Late Biharian as well as Mosbach 2 samples have a relatively longer maximal length. There is no pattern within Za Hájovnou Cave units. Table 3 . Frequency of selected spelaeoid characters for M1 in %. HME -metacone height; HPA -paracone height; LMEC -metacone-complex length; LPAC -paracone-complex length; WANT -width of anterior lobe (across Pa); WPOST -width of posterior lobe (across Me). m1 inf. (Tab. 6). The first lower molar is an important tooth with respect to interspecific differentiation in ursines. Unfortunately, the number of m1 available in most taxonomical units used in present paper is very low and therefore any comparison has only a limited value. Concerning the maximal length, we could see no clinal changes within the units from different stratigraphic levels. Differences seem to be (between Biharian and Toringian samples) in the relative width of the trigonid and talonid, with a tendency towards a wider trigonid and talonid in Toringian populations (incl. Mosbach 2). There is no apparent difference between Early and Middle Toringian units (but this may be caused by the limited number of m1). No trends were detected in the relative width of the constriction in the Middle Pleistocene U. deningeri. The significance of the metric characteristic (height and length) of End 1 and End 2 (or their complexes respectively) is debatable. Although there seems to be a trend for an increase in spelaeoid characters (height of End 2 ≥ height of End 1; length of End 2-c ≥ length of End 1-c) from the Biharian to Toringian when we compare the average values, but there is no such apparent trend if we use the median. The lower average values for Biharian units are caused partially by the presence of two specimens (one in C 718 unit and one in Koněprusy Caves unit) without a developed End 2. Also the frequency of specimens with "height of End 2 ≥ height of End 1" cannot be used for differentiating between units (e.g. 3 from 11 in MIS 11 unit vs. 2 from 12 in Koněprusy Caves unit; 1 in Mosbach 2 and C 718 unit; 0 in MIS 9 unit). But, on the other hand, there are no specimens without End 2 in the Toringian samples. In fact, there is most probably some tendency in (clinal) changes in the End-complex from Biharian to Middle Toringian populations. But these changes are likely to include both metrical and morphological aspects and it is somewhat complicated to express them by simple height/length characteristics, especially based on samples of limited size. m2 inf. (Tab. 7). There are no differences in length parameters among the units from different stratigraphic levels. It is interesting that the largest measurements are from Biharian units and, on the other hand, the smallest of these measurements are from Mosbach 2 unit. There are also no trends in "End 2-c length/End 1-c length" index. The surprisingly small value of this index in bears from Tarkő is caused by unusually highly diversified End 1-c in several specimens. Evaluation of the length characteristic of the End-complex is moreover complicated by the frequent pr esence of a mesostylid which is not included in End 2-c length, but it substitutes End 2-c functionally. There are weak differences between Biharian and Toringian units in trigonid width (Text- fig. 1 ). The latter units tend to have a relatively wider trigonid (trend within the Toringian is not very clear, although it is not possible to excluded it). Even more apparent differences between these two groups are in the relative distance between Prd and Med (in relation to maximal length 
Discussion and conclusions Za Hájovnou Cave units
From only three taxonomical units from Za Hájovnou Cave (MIS 9, MIS 11, and Chodba naděje) are the samples of bear teeth of sufficient size to allow more detailed evaluation and comparison. If we compare them with Late Biharian and Early Toringian samples, all three units from Za Hájovnou Cave clearly correlate with Early Toringian units. But in most of the teeth it is not possible to find any additional pattern within the Toringian units from a metrical viewpoint. The only exception is M1, particularly the metacone to paracone length and height ratios . In this tooth, there is a weak tendency towards a higher percentage of teeth with spelaeoid characters when considering Early to Middle Toringian. On the other hand, it is interesting that all the three units are less spelaeoid in several characters (e.g. anterior/posterior lobe width ratio in M1 or trigonid width/maximal length index in m1) than Ursus gr. deningeri from Bilzingsleben (Musil 1991 (Musil , 2006 ; see also comparison in Wagner 2005) for which MIS 11 is usually assumed (e.g. Schreve and Bridgland 2002) . I consider that these differences more likely reflect large interpopulation variability within Middle Pleistocene spelaeoid bears. It was not possible to detect any pattern in the differences among MIS 9, MIS 11, and Chodba naděje units. Although it could be assumed that MIS 9 bears would be more spelaeoid than MIS 11 bears, there were no unambiguous metric differences/trends in this direction between these two units. Concerning the Chodba naděje unit, no direct dating for this unit is available. Bears from this unit show more similarity with MIS 9 and MIS 11 units than to other Toringian units, and therefore a post-Elsterian age is probable. But they do not show any special affinity to either MIS 9 or MIS 11 unit. It is therefore not possible to specify their stratigraphic position in more detail on the basis of the studied ursid material only. This comparison is, moreover, complicated by the limited number of specimens in particular samples, especially within MIS 9 unit.
General remarks on dental variability in Middle Pleistocene U. gr. deningeri Although the comparison was based on only a limited number of localities and specimens, some of the results appear to be of interest and may be more generally valid at least within the Central European area.
(1) If we compare the average values of the studied characters with respect to the main biostratigraphic groups (Late Biharian, Early Toringian, Middle Toringian), differences between the Biharian and Toringian samples can be recognized, but not between the Early and Middle Toringian (except M1). If this is not e.g. an artefact due to the small size of the Middle Toringian samples (cf. more spelaeoid character in the Bilzingsleben material), one explanation could be the more profound impact of MIS 16 glacial compared to MIS 12 glacial on bear populations. Additional studies would be necessary to confirm or reject this possibility.
(2) In several cheekteeth (p4, P4, m3) we found no (or almost no) time-dependent differences/trends. Of course, absence of differentiating metric characters does not mean that there is no morphological differentiation. But it suggests that potential morphological changes/trends did not reach a high enough level to exceed the interpopulation metric differences. It is interesting that this situation is found in teeth which in Late Pleistocene Ursus gr. spelaeus reached an extreme evolutionary level typical for this/these species. Detailed morphological analysis would be the appropriate next step towards a better understanding of changes within Middle Pleistocene spelaeoid bears.
(3) It is necessary to point out that there are large overlaps within all the taxonomical units used and that median values give sometimes a slightly different view than the average. It is almost impossible to determine stratigraphical level on the basis of isolated teeth or small samples.
(4) In several characters, where average values are stratigraphically not diagnostic, the presence of a small number of highly evolved specimens (or contrarily less evolved ones) can characterize different stratigraphic levels. This is in agreement with Rabeder's (1983 Rabeder's ( , 1989 ) results for Late Pleistocene cave bears, where it is often the presence of a rather small percentage of most evolved morphotypes which proved important.
(5) The variability and differences within the taxonomical units from the same stratigraphic level strongly support a concept of mosaic evolution for spelaeoid bears during the Middle Pleistocene. It seems probable that the observed mosaic pattern would increase further if samples from more distant areas are added to the analysis (cf. Grandal d'Anglade and López-González 2004). From this viewpoint, it is inappropriate to approximate one stratigraphical/evolutionary level in evolutionary analysis based on just a single locality. It can also be misleading if the taxonomical unit is formed from a single fossil-rich locality plus one or more other fossil-poor locality(ies). In such a case, the fossil-rich locality character will prevail and the taxonomical unit will not accurately represent the respective stratigraphical/ evolutionary level. (6) In this context, the small size of Mosbach 2 specimens is noteworthy (Mosbach 2 is the type locality of U. deningeri). In several cheek teeth (the exceptions being P4, p4, m3 and partly m1) the maximal length averages are considerably reduced within Toringian units and are of the same size as in Biharian units (or even smaller). It is complicated to explain this phenomenon at this point (much more material will be necessary for in depth analysis). But some aspects could be connected with the assumed drier environment in Mosbach 2 (Kahlke et al. 2011) or the different taphonomy (Mosbach 2 material originates from fluvial sediments whereas most of the other taxonomical units originates from the cave sediments; but cf. Mauer). It is also interesting that the cheek teeth, in which Mosbach 2 reaches normal size (compared to other Toringian units), are more or less the same as the least diagnostic ones for time-depended changes during Middle Pleistocene. 2-19.5 12.9-17.6 8.9-11.7 10.4-13.6 3.5-9.4 0.0-7.5 8.8-11.4 11.3-13.7 9.0-11. 6-17.0 9.5-12.3 10.5-15.6 3.5-7.3 1.3-6.5 14.2-19.0 14.6-19.6 13.9-17.8 7.4-8.7 5.3-9.1 7.7-9.9
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